Terzan 5 could be the surviving remnant of one of the primordial building blocks that are thought to merge and form galaxy bulges.
We have recently obtained a set of high-resolution images of Terzan 5 in the K and J bands by using MAD 6 , a Multi-Conjugate Adaptive Optics demonstrator instrument installed at the Very Large Telescope (VLT) of the European Southern Observatory (ESO). MAD operates at near-infrared wavelengths, thus revealing the only component of stellar radiation that can efficiently cross the thick clouds of dust obscuring the Galactic bulge. It is able to perform exceptionally good and uniform adaptive optics correction over its entire field of view (1'x1'), thus compensating for the degradation effects to the astronomical images induced by the Earth's atmosphere. In particular, we have obtained a set of K-band (2.2m) images of Terzan 5 close to the diffraction limit ( Fig. 1) . The sharpness and uniformity of the images yields very high quality photometry, resulting in accurate (K, JK) colour-magnitude diagram (CMD) even for the very central region of the cluster, and leading to a surprising discovery. We have detected two well-defined red horizontal branch clumps, separated in luminosity: a bright horizontal branch (BHB) at K = 12.85 and a faint horizontal branch (FHB) at K = 13.15, the latter having a bluer (JK) colour (Fig. 2) .
We have carefully considered whether the double horizontal branch could be spurious. It is neither due to instrumental effects (Fig. 2) , nor to differential reddening 7,8 3 (as the two horizontal branch clumps in the CMD are separated in a direction which is essentially orthogonal to the reddening vector), nor to field contamination (while field stars are expected to be almost uniformly distributed over the MAD field of view, the radial distributions of the stars belonging to the two horizontal branch clumps are significantly concentrated toward the cluster centre and are inconsistent with a uniform distribution at more than 5 level; see Fig. 3a and Supplementary Information). We have also found that the radial distributions of the two horizontal branch populations are different ( Fig. 3a ): according to a Kolmogorov-Smirnov test, the BHB population is significantly (at > 3.5level) more centrally concentrated than that of the FHB. The stars belonging to the BHB are also substantially more numerous than those of the FHB near the cluster centre (that is, at distances r < 20''), becoming progressively more rare at larger radii (Fig. 3b) .
Once alerted to the existence of the double horizontal branch, we have also Using the number of horizontal branch stars found in the combined MAD and ACS samples (see Supplementary Information for details), we estimate that the cluster harbours about 800 FHB stars and 500 BHB stars in total. This is even larger than the global horizontal branch population of 47 Tucanae 16 , thus suggesting that Terzan 5 is more massive than previously thought (Supplementary Information).
The evidence for two distinct stellar populations and for a very large total mass suggests that Terzan 5 has experienced a quite troubled formation history. It might be the merger-product of two independent stellar aggregates 17 . Although such a possibility seems to be unlikely for globular clusters belonging to the Galactic halo, the chance of capturing a completely independent stellar system should be significantly larger if the orbits are confined within the Galactic bulge. In this scenario, however, it is not easy to explain why the metal-rich population is more centrally concentrated than the metalpoor one. Moreover, globular clusters younger than 10 Gyr are very rare in our bulge population is fully compatible with the hypothesis that the (partial) disruption of its progenitor has contributed to the formation of the Galactic bulge 23 .
Possible relics of the hierarchical assembly of the Galactic halo have been recently identified at high Galactic latitudes 24 . Terzan 5 may be the first example of the sub-structures that contributed to form the Galactic bulge. Indeed, our discovery could be the observational confirmation that galactic spheroids originate from the merging of pre-formed, internally evolved stellar systems, and that other similar objects might be hidden in the heavily obscured central region of the Galaxy. BHB stars are substantially more numerous than FHB stars in the cluster centre and they rapidly vanish at r a > 50''. From the measured spectra we also derived the stellar radial velocities and found an average value of 85 km s -1 ( = 9 km s -1 ) and 85 km s -1 ( = 10 km s -1 )
for the FHB and BHB stars, respectively (the typical uncertainty on the individual measure is of the order of 3 km s -1 
